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Abstract: Several studies have shown that UV-C (ultraviolet C) irradiation promotes the bioactive
compounds and antioxidants of fresh fruits and vegetables. The aim of this study was to apply UV
irradiation in dried lemon pomace powder for enhancing its phenolic content and antioxidant
properties, thus more bioactive compounds should be available for extraction and utilization.
Lemon pomace dried powder was placed under a UV lamp and treated with dosages of 4, 19, 80
and 185 kJ·m−2, while untreated powder was used as a control. UV-C irradiation significantly
affected the total phenolic content, total flavonoid content, proanthocyanidins, and antioxidant
capacity measured by cupric reducing antioxidant capacity (CUPRAC) and ferric reducing antioxidant
power (FRAP) of the lemon pomace dried powder, while it did not affect the vitamin C content.
UV-C irradiation of 19 kJ·m−2 resulted in 19% higher total phenolic content than the control, while
UV-C irradiation of 180 kJ·m−2 resulted in 28% higher total flavonoid content than the control.
The antioxidant capacity was reduced when UV-C irradiation more than 4 kJ·m−2 was applied.
The results of this study indicate that UV-C treatment has the potential to increase the extraction of
bioactive compounds of dried lemon pomace at relatively high dosages.
Keywords: UV treatment; proanthocyanidins; antioxidants; lemon waste; dried powder
1. Introduction
Lemon (Citrus limon L.) is an important Citrus species with a strong commercial value and
generates a large amount of waste. The main component of this waste is the peel, which accounts
for 50% to 65% of the whole fruit weight [1]. Lemon peel contains phenolic compounds, such as
flavonoids (flavanones, flavonols, flavones), phenolic acids (ferulic, p-coumaric and sinapic acids),
as well as vitamin C (ascorbic acid) [1,2], which have been linked to antimicrobial [3], anticancer [4],
and antioxidant properties [5,6].
Phenolic compounds are the most abundant secondary metabolites synthesized by plants through
the shikimate pathway [7] as a response to external stresses, such as ultraviolet radiation, wounding,
aggression by pathogens, parasites and predators, in addition, they contribute to the color of plants [8,9].
Several treatments, such as heat treatment using electric oven [10,11], electron-beam irradiation [12],
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and microwave treatment, have been applied to Citrus peel powder for the enhancement of its phenolic
content and antioxidant capacity [13].
UV-C (ultraviolet C) is an electromagnetic, non-ionizing radiation, which has been applied to fruits
and vegetables in order to prolong their storage life by inactivating some pathogens [14,15] or retarding
their senescence [16]. Perkins-Veazie et al. [17] reported that UV-C radiation of 2 kJ·m−2 reduced ripe
rot (Colletotrichum acutatum, syn. C. gloeosporioides) in blueberries. Arcas et al. [18] mentioned that
UV radiation reduced, by up to 45%, the growth of Penicillium digitatum in Citrus aurantium, which
was attributed to the accumulation of flavonoids in treated fruits.
Apart from extending the storage life of fruits and vegetables, UV-C irradiation may promote
their bioactive compounds and antioxidants [19–21]. Alothman et al. [20] reported that the
total phenolic content of banana and guava increased significantly after 10 min UV-C treatment.
Perkins-Veazie et al. [17] reported that the total anthocyanin content and antioxidant capacity
measured by Ferric reducing antioxidant power (FRAP) of one blueberry variety (Vaccinium corymbosum)
increased with the UV-C treatment dosage, whereas the total phenolic content was not significantly
affected by the UV-C treatment. Liu, et al. [22] found that UV-C irradiation of 4 or 8 kJ·m−2 promoted
the accumulation of total flavonoids and increased the antioxidant activity of tomato fruit. In addition,
Bravo et al. [23] showed that UV treatment significantly increased the total phenolic content and the
antioxidant capacity of tomatoes during eight-day storage, compared to untreated samples, but it did
not have a clear effect on individual phenolic compounds.
As has been already reported, the postharvest application of UV-C irradiation promotes the
antioxidant capacity and bioactive compounds of fruits and vegetables. Since enzymes are still active
in freeze dried materials [24,25], enhancing the phenolic and antioxidant capacity of Citrus powder,
more bioactive compounds might be available for the extraction, isolation, and utilization. To the best
of our knowledge, there have been no studies examining the effect of UV-C irradiation on dried Citrus
pomace powder regarding the phenolic compounds and antioxidants. Therefore, the aim of this study
was to examine the effects of UV-C irradiation on bioactive compounds and antioxidants of dried
lemon pomace powder aqueous extracts.
2. Materials and Methods
2.1. Plant Material
Lemon (Citrus limon L.) waste, including peel and seeds, was provided by a commercial juicing
factory in Kulnura (NSW Australia), in September, 2015. After collection, the seeds were removed
and the remaining peels were freeze dried (FD3 freeze dyer, Thomas Australia Pty Ltd., Seven Hills,
NSW, Australia). The dried waste was ground using a commercial blender (John Morris Scientific,
Chatswood, NSW, Australia) and the material passed through a 1.4-mm sieve (1.4 mm EFL 2000;
Endecotts Ltd., London, England) was stored at −18 ◦C for further use. The water activity of the dried
lemon pomace powder was 0.30 ± 0.01 (mean average ± standard deviation).
2.2. UV-C Treatment of the Lemon Pomace Dried Powder
A custom made light-proof box, fitted with two germicidal lamps (Sahkyo Denki Co., Ltd. G20T10
20 Watt, low pressure mercury, Kanagawa, Japan), was used. A SED008/W detector with a PIR
Irradiance Calibration at 254 nm was used to monitor the UV-C dosage. This was connected to an
International Light Technologies 1700 series research radiometer that recorded cumulative exposure
over time. The sensor was placed inside the box with the samples during treatments. The UV-C light
was turned off manually once exposure time had reached the required treatment units. Two grams
of dried lemon pomace powder was placed 7.5 cm under the UV lamp and treated for 60, 120, 240,
and 360 s, which were equal to the dosages of 4, 19, 80, and 185 kJ·m−2, respectively (Figure 1), while
untreated powder was used as a control. After UV-C treatments, the control and treated powder were
stored for 24 h at −18 ◦C.
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An ultrasonic bath (Soniclean, 220 V, 50 Hz and 250 W, Soniclean Pty Ltd., Thebarton, 
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and then stored at −18 °C for further phytochemical analysis. 
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The total phenolic content was measured, as described by Vuong et al. [26]. Briefly, 5 mL of 10% 
(v/v) Folin-Ciocalteu reagent was mixed with 1 mL of sample and 4 mL of 7.5% (w/v) Na2CO3 and 
incubated under dark at room temperature for 1 h prior to the absorbance being measured at 760 nm 
by a UV spectrophotometer (Varian Australia Pty Ltd., Victoria, Australia). The results were 
expressed as mg gallic acid equivalents per g of sample dry weight (mg·GAE·(g·dw)−1). 
2.5. Total Flavonoid Content (TF) 
The total flavonoid content was measured, as described by Zhishen et al. [27]. Briefly, 2 mL of 
H2O was mixed with 0.15 mL of 5% (w/v) NaNO2 and 0.5 mL of sample and left at room temperature 
for 6 min. Then, 0.15 mL of 10% (w/v) AlCl3 was added and left at room temperature for 6 min. 
Subsequently, 2 mL of 4% (w/v) NaOH and 0.7 mL of H2O were added and the mixture was left at 
room temperature for 15 min before the absorbance was measured at 510 nm. The results were 
expressed as mg of catechin equivalents per g of sample dry weight (mg·CE·(g·dw)−1). 
2.6. Proanthocyanidins 
The proanthocyanidin content was measured according to the method described by Li et al. 
[28]. Three milliliters of Vanillin (4% w/v) were mixed with 0.5 mL of sample, followed by 1.5 mL of 
concentrated HCl. The mixture was left for 15 min at room temperature before the absorbance was 
measured at 500 nm. The results were expressed as mg of catechin equivalents per g of sample dry 
weight (mg·CE·(g·dw)−1). 
2.7. Vitamin C (Ascorbic Acid) 
Total vitamin C was determined as described by Vuong et al. [29], with some modifications. A 
reagent solution was prepared by mixing 500 mL of 0.6 M sulfuric acid with 5.3218 g of Sodium 
Phosphate and 2.471 g of ammonium molybdate. The reagent (3 mL) was mixed with 0.3 mL of 
sample and incubated at 95 °C for 90 min in a water bath. After incubation, they were cooled in 
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2.3. Extraction Process
An ltr s ic bath (Soniclean, 220 V, 50 Hz and 250 W, Soniclean Pty Ltd., Thebarton, Australia)
with pre-set conditions at a temper ture of 30 ◦C, time of 20 min, and power f 60 W was used.
Water used as a solvent at sample-to-solvent ratio of 1:100 g·mL−1. After completion of the extraction,
the extracts w re filtered through W atman no. 1 filter paper under ambient te p rature and then
stored at −18 ◦C for further phytochemical analysis.
2.4. Total Phenolic Content (TPC)
The total phenolic content was measured, as described by Vuong et al. [26]. Briefly, 5 mL of 10%
(v/v) Folin-Ciocalteu reagent was mixed with 1 mL of sample and 4 mL of 7.5% (w/v) Na2CO3 and
incubated under dark at room temperature for 1 h prior to the absorbance being measured at 760 nm
by a UV spectrophotometer (Varian Australia Pty Ltd., Victoria, Australia). The results were expressed
as mg gallic acid equivalents per g of sample dry weight (mg·GAE·(g·dw)−1).
2.5. Total Flavonoid Content (TF)
The total flavonoid content was measured, as described by Zhishen et al. [27]. Briefly, 2 mL of
H2O was mixed with 0.15 mL of 5% (w/v) NaNO2 and 0.5 mL of sample and left at room temperature
for 6 min. Then, 0.15 mL of 10% (w/v) AlCl3 was added and left at room temperature for 6 min.
Subsequently, 2 mL of 4% (w/v) NaOH and 0.7 mL of H2O were added and the mixture was left at room
temperature for 15 min before the absorbance was measured at 510 nm. The results were expressed as
mg of catechin equivalents per g of sample dry weight (mg·CE·(g·dw)−1).
2.6. Proanthocyanidins
The proanthocyanidin content was measured according to the method described by Li et al. [28].
Three milliliters of Vanillin (4% w/v) were mixed with 0.5 mL of sample, followed by 1.5 mL of
concentrated HCl. The mixture was left for 15 min at room temperature before the absorbance was
measured at 500 nm. The results were expressed as mg of catechin equivalents per g of sample dry
weight (mg·CE·(g·dw)−1).
2.7. Vitamin C (Ascorbic Acid)
Total vitamin C was determined as described by Vuong et al. [29], with some modifications.
A reagent solution was prepared by mixing 500 mL of 0.6 M sulfuric acid with 5.3218 g of Sodium
Phosphate and 2.471 g of ammonium molybdate. The reagent (3 mL) was mixed with 0.3 mL of
sample and incubated at 95 ◦C for 90 min in a water bath. After incubation, they were cooled in water
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for 5 min before the absorbance was measured at 695 nm. The results were expressed as mg ascorbic
acid equivalents per g (mg·AAE·g−1).
2.8. Antioxidant Capacity
2.8.1. 2,2-Diphenyl-1-picrylhydrazyl (DPPH) Radical Scavenging Capacity
A DPPH assay was performed as described by Thaipong et al. [30], with some modifications.
A stock solution was prepared and stored at −20 ◦C until use. The working solution was then freshly
prepared by mixing 10 mL of stock solution with 45 mL of methanol to obtain an absorbance of
1.1 ± 0.02 (λ = 515 nm). A volume of 2.85 mL of working solution was mixed with 0.15 mL of sample
and left under darkness at room temperature for 30 min before measuring the absorbance at 515 nm.
The results were expressed as mg of trolox equivalents per g of dry weight (mg·TE·(g·dw)−1).
2.8.2. Ferric Reducing Antioxidant Power (FRAP) Assay
FRAP was measured as described by Thaipong et al. [26], with some modifications. A working
FRAP solution was prepared by mixing 300 mM acetate buffer, 10 mM TPTZ (2,4,6-tripyridyl-s-triazine)
in 40 mM HCl and 20 mM FeCl3 at a ratio of 10:1:1. Working FRAP solution (2.85 mL) was mixed
with 0.15 mL of sample and incubated at room temperature under dark for 30 min before its absorbance
was measured at 593 nm. The results were expressed as mg trolox equivalents per g of dry weight
(mg·TE·(g·dw)−1).
2.8.3. Cupric Reducing Antioxidant Capacity (CUPRAC) Assay
CUPRAC was determined as described by Apak et al. [31], with some modifications. CuCl2
(1 mL) was mixed with 1 mL of neocuproine, 1 mL of NH4Ac and 1.1 mL of sample. The mixture was
incubated at room temperature for 1.5 h before measuring the absorbance at 450 nm. The results were
expressed as mg of trolox equivalents per g of sample dry weight (mg·TE·(g·dw)−1).
2.9. Statistical Analysis
The one-way ANOVA (Completely Randomized Design (CRD)) was conducted by using SPSS
software (version 23, IBM Crop., Armonk, NY, USA). The means were compared by the Least
Significance Difference (LSD) at p < 0.05. Data were reported as means ± standard deviations.
Each experiment was performed in triplicate.
3. Results and Discussion
3.1. Total Phenolic Content (TPC)
UV-C treatment had a significant effect on the total phenolic content of the dried lemon pomace
powder aqueous extracts (Figure 2A) (p < 0.05, CV = 5.46%). Lemon pomace powder exposed
to 19 kJ·m−2 had the highest total phenolic content (16.05 mg·GAE·(g·dw)−1), while the control had the
lowest (12.97 mg·GAE·(g·dw)−1). These results are in agreement with Kim et al. [12], who mentioned
that electron-beam irradiation increased the total phenolic content of dried Citrus pomace powder.
González-Aguilar et al. [32] showed that UV-C irradiation had a significant effect on the total phenolic
compounds of freshly cut mangoes. Mangoes treated for 10 min had the highest total phenolic
content compared to the 5-, 3-, 1-min treatments and the control. The increased total phenolic content
of the treated powder could be attributed to the increased phenylalanine ammonia lyase activity,
which is a key enzyme for phenolic compound synthesis in plant tissues, since it catalyzes the
conversion of L-phenylalanine to ammonia and trans-cinnamic acid, which is the initial step for the
synthesis of polyphenols [20]. Stevens et al. [33] reported that UV-C irradiation increased the activity of
phenylalanine ammonia lyase in peaches. UV-C dosage higher than 19 kJ·m−2 resulted in a reduction
of TPC. This could be attributed to the reduction of some phenolic compounds, such as phenolic acids
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or flavonoids. These results are in accord to Bravo et al. [23], who showed that UV-C irradiation of
tomatoes enhanced their content in some phenolic acids and flavonoids; however, the content of some
phenolic acids and flavonoids declined when the dosage increased. Indeed, the studies mentioned
above have been conducted in fresh materials; however, according to previous studies, enzymes are
still active in dried materials. Overall, among the different UV-C intensities examined, the dosage of
19 kJ·m−2 resulted in 19% higher total phenolic content of the dried lemon pomace powder aqueous
extract, compared to the control.
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3.3. Proanthocyanidins
Proanthocyanidins are polyphenols derived from the flavonoid pathway. They are oligomeric
flavonoids consisting of a few monomeric units, such as catechins, epicatechins, and gallocatechins,
and have been linked to antioxidant, antibacterial, antiviral, and anticancer activities [36,37].
UV-C treatment had a significant effect on the proanthocyanidin content of the dried
lemon pomace powder aqueous extracts (Figure 2C) (p < 0.05, CV = 10.28%). Dried lemon
pomace powder exposed to 185, 80, and 19 kJ·m−2 had higher proanthocyanidin content (0.97,
0.89, and 0.88 mg·CE·(g·dw)−1, respectively) compared to the control (0.58 mg·CE·(g·dw)−1).
These results are in agreement with Cetin [38], who mentioned that UV-C irradiation stimulated the
proanthocyanidin synthesis of Vitis vinifera L. Öküzgözü callus cultures. Indeed, proanthocyanidins
consist of monomeric units. The accumulation of the proanthocyanidins in dried lemon pomace
powder could be attributed to the synthesis of flavonoid compounds, such as catechins [38], which are
present in Citrus peels [13], as a response to the UV-C light. Overall, UV-C treatment could be used for
the enhancement of the proanthocyanidin content of dried lemon pomace powder.
3.4. Vitamin C (Ascorbic Acid)
UV-C treatment had no effect on the vitamin C content of the dried lemon pomace powder
aqueous extracts (Figure 3) (p < 0.05, CV = 5.16%). Cantos et al. [39] and George et al. [40] reported
that UV-C treatment had no effect on the vitamin C content of grape berries and freshly cut mangos,
respectively. On the other hand, Lemoine et al. [41] supported that UV-C treated broccoli florets had
higher vitamin C content than the control. To sum up, UV-C irradiation had no adverse effect on the
vitamin C of dried lemon pomace powder. This might indicate that UV-C irradiation is not implicated
in the vitamin C pathway synthesis.
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3.5. Antioxidant Capacity
The effect of the UV-C i radiation on the antioxidant capacity of dried lemon pomace powder
aqueous extracts was measured using thr e antioxidant a says: CUPRAC, FRAP, and D PH, since
each antioxidant a say has its own advantages and limitations.
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(42.13 mg·TE·(g·dw)−1), w ich is 13% higher than the control, while exposure at higher UV-C
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irradiation resulted in a decrease of antioxidants. For FRAP, the highest antioxidant capacity was
detected at 4 kJ·m−2 (9.56 mg·TE·(g·dw)−1), while exposure at higher irradiation led to a decrease of
antioxidants. Perkins et al. [17] reported that 2 or 4 kJ·m−2 UV-C treatment increased the antioxidants
(FRAP) of blueberries (Vaccinium corymbosum, cvs. Collins, Bluecrop). The increase in the antioxidant
capacity could be attributed to the synthesis of some compounds, such as phenols, flavonoids, or other
non-phenolic compounds, such as enzymes, since previous studies have found that antioxidant
enzymes are still active in dried plant tissues [24]. The accumulation of antioxidant enzymes in
strawberry fruit after UV-C treatment has been reported [19]. Indeed, UV irradiation results in the
formation of reactive oxygen species, since it is an abiotic stress for plant tissues [42]. The reduction
in antioxidant capacity occurring at higher UV-C irradiations could be due to the reaction of the
antioxidant compounds with the reactive oxygen species produced by the UV stress [42]. Overall,
appropriate UV-C treatment may enhance the antioxidant capacity of the dried lemon pomace powder;
however, the applied dosage should be carefully chosen.
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UV-C irradiation had a significant effect on the total phenolic content, total flavonoid content, 
proanthocyanidins, and antioxidant capacity, measured by CUPRAC and FRAP, of dried lemon 
pomace powder, while it did not affect the vitamin C content and antioxidant capacity measured by 
DPPH. UV-C irradiation of the dried lemon pomace powder with 19 kJ·m−2 resulted in aqueous 
extracts with 19% more total phenolic content than the control, while UV-C irradiation of 180 kJ·m−2 
resulted in 28% and 40% higher total flavonoid and proanthocyanidin content, respectively, 
compared to the control. The antioxidant capacity reduced when UV-C irradiation greater than 4 
kJ·m−2 was applied. The results of this study indicate that UV-C treatment should be effectively 
applied in the dried lemon pomace powder for enhancing its total phenolic content and antioxidant 
capacity. Studies examining the effect of UV-C irradiation on the total and individual phenolic 
compounds and antioxidants of several fruit waste dried powders should be conducted. 
4. The Effect o different UV-C irradiations on the ioxidant capacity (C pric
reducing antioxidant capacity ( UPRAC) (A), Ferric reducing antioxidant power (FRAP) (B)
, - i l- - i l r l ( ) ( )) f t l t t . l t
f t r r li ti . ata not sharing the same superscript letter are significantly different at
p < .05.
Conclusions
i fi fl ,
t ocyanidins, and antioxidant cap city, measured by CUPRAC and FRAP, of dried lemon pomace
wder, while it did not affect the vitamin C content and a tioxidant cap ci y measured by DPPH.
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The result of this study indicate that UV-C treatment should be effectively applied in the dried lemon
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the effect of UV-C irradiation on the total and individual phenolic compounds and antioxidants of
several fruit waste dried powders should be conducted.
Acknowledgments: This research was supported by the University of Newcastle and Australian Research Council
(ARC) Training Centre for Food and Beverage Supply Chain Optimization (IC140100032). NSW Department of
Primary Industries is a partner organization in the Training Centre.
Author Contributions: C.E.S., K.P. and Q.V. conceived and designed the experiments; K.P. performed the
experiments; K.P., C.E.S. and P.P. analyzed the data; M.B., C.J.S. and J.G. contributed reagents/materials/analysis
tools; K.P., C.E.S., Q.V., M.B. and J.G. wrote the paper.
Conflicts of Interest: The authors declare no conflict of interest.
References
1. González-Molina, E.; Domínguez-Perles, R.; Moreno, D.A.; García-Viguera, C. Natural bioactive compounds
of citrus limon for food and health. J. Pharm. Biomed. Anal. 2010, 51, 327–345. [CrossRef] [PubMed]
2. Bocco, A.; Cuvelier, M.E.; Richard, H.; Berset, C. Antioxidant activity and phenolic composition of citrus
peel and seed extracts. J. Agric. Food Chem. 1998, 46, 2123–2129. [CrossRef]
3. Dhanavade, M.J.; Jalkute, C.B.; Ghosh, J.S.; Sonawane, K.D. Study antimicrobial activity of lemon
(Citrus lemon L.) peel extract. Br. J. Pharmacol. Toxicol. 2011, 2, 119–122.
4. Rawson, N.E.; Ho, C.-T.; Li, S. Efficacious anti-cancer property of flavonoids from citrus peels. Food Sci.
Hum. Wellness 2014, 3, 104–109. [CrossRef]
5. Proteggente, A.R.; Pannala, A.S.; Paganga, G.; Van Buren, L.; Wagner, E.; Wiseman, S.; Van De Put, F.;
Dacombe, C.; Rice-Evans, C.A. The antioxidant activity of regularly consumed fruit and vegetables reflects
their phenolic and vitamin C composition. Free Radic. Res. 2002, 36, 217–233. [CrossRef] [PubMed]
6. Wilmsen, P.K.; Spada, D.S.; Salvador, M. Antioxidant activity of the flavonoid hesperidin in chemical and
biological systems. J. Agric. Food Chem. 2005, 53, 4757–4761. [CrossRef] [PubMed]
7. Maeda, H.; Dudareva, N. The shikimate pathway and aromatic amino acid biosynthesis in plants. Annu. Rev.
Plant Biol. 2012, 63, 73–105. [CrossRef] [PubMed]
8. Jenkins, G.I. Signal transduction in responses to UV-B radiation. Annu. Rev. Plant Biol. 2009, 60, 407–431.
[CrossRef] [PubMed]
9. Dai, J.; Mumper, R.J. Plant phenolics: Extraction, analysis and their antioxidant and anticancer properties.
Molecules 2010, 15, 7313–7352. [CrossRef] [PubMed]
10. Jeong, S.M.; Kim, S.Y.; Kim, D.R.; Jo, S.C.; Nam, K.C.; Ahn, D.U.; Lee, S.C. Effect of heat treatment on
the antioxidant activity of extracts from citrus peels. J. Agric. Food Chem. 2004, 52, 3389–3393. [CrossRef]
[PubMed]
11. Xu, G.; Ye, X.; Chen, J.; Liu, D. Effect of heat treatment on the phenolic compounds and antioxidant capacity
of citrus peel extract. J. Agric. Food Chem. 2007, 55, 330–335. [CrossRef] [PubMed]
12. Kim, J.-W.; Lee, B.C.; Lee, J.-H.; Nam, K.-C.; Lee, S.-C. Effect of electron-beam irradiation on the antioxidant
activity of extracts from citrus unshiu pomaces. Radiat. Phys. Chem. 2008, 77, 87–91. [CrossRef]
13. Hayat, K.; Zhang, X.; Farooq, U.; Abbas, S.; Xia, S.; Jia, C.; Zhong, F.; Zhang, J. Effect of microwave treatment
on phenolic content and antioxidant activity of citrus mandarin pomace. Food Chem. 2010, 123, 423–429.
[CrossRef]
14. Yaun, B.R.; Sumner, S.S.; Eifert, J.D.; Marcy, J.E. Inhibition of pathogens on fresh produce by ultraviolet
energy. Int. J. Food Microbiol. 2004, 90, 1–8. [CrossRef]
15. Syamaladevi, R.M.; Adhikari, A.; Lupien, S.L.; Dugan, F.; Bhunia, K.; Dhingra, A.; Sablani, S.S. Ultraviolet-C
light inactivation of penicillium expansum on fruit surfaces. Food Control 2015, 50, 297–303. [CrossRef]
16. Yang, Z.; Cao, S.; Su, X.; Jiang, Y. Respiratory activity and mitochondrial membrane associated with fruit
senescence in postharvest peaches in response to UV-C treatment. Food Chem. 2014, 161, 16–21. [CrossRef]
[PubMed]
17. Perkins-Veazie, P.; Collins, J.K.; Howard, L. Blueberry fruit response to postharvest application of ultraviolet
radiation. Postharvest Biol. Technol. 2008, 47, 280–285. [CrossRef]
18. Arcas, M.C.; Botía, J.M.; Ortuño, A.M.; Del Río, J.A. UV irradiation alters the levels of flavonoids involved in
the defence mechanism of citrus aurantium fruits against penicillium digitatum. Eur. J. Plant Pathol. 2000,
106, 617–622. [CrossRef]
Foods 2016, 5, 55 9 of 10
19. Erkan, M.; Wang, S.Y.; Wang, C.Y. Effect of uv treatment on antioxidant capacity, antioxidant enzyme activity
and decay in strawberry fruit. Postharvest Biol. Technol. 2008, 48, 163–171. [CrossRef]
20. Alothman, M.; Bhat, R.; Karim, A.A. UV radiation-induced changes of antioxidant capacity of fresh-cut
tropical fruits. Innov. Food Sci. Emerg. Technol. 2009, 10, 512–516. [CrossRef]
21. Venditti, T.; D’Hallewin, G. Use of ultraviolet radiation to increase the health-promoting properties of fruits
and vegetables. Stewart Postharvest Rev. 2014, 10, 1–3.
22. Liu, C.-H.; Cai, L.-Y.; Lu, X.-Y.; Han, X.-X.; Ying, T.-J. Effect of postharvest UV-C irradiation on phenolic
compound content and antioxidant activity of tomato fruit during storage. J. Integr. Agric. 2012, 11, 159–165.
[CrossRef]
23. Bravo, S.; García-Alonso, J.; Martín-Pozuelo, G.; Gómez, V.; Santaella, M.; Navarro-González, I.; Periago, M.J.
The influence of post-harvest UV-C hormesis on lycopene, β-carotene, and phenolic content and antioxidant
activity of breaker tomatoes. Food Res. Int. 2012, 49, 296–302. [CrossRef]
24. Lester, G.E.; Hodges, D.M.; Meyer, R.D.; Munro, K.D. Pre-extraction preparation (fresh, frozen, freeze-dried,
or acetone powdered) and long-term storage of fruit and vegetable tissues: Effects on antioxidant enzyme
activity. J. Agric. Food Chem. 2004, 52, 2167–2173. [CrossRef] [PubMed]
25. Lam, M.; Scaman, C.H.; Clemens, S.; Kermode, A. Retention of phenylalanine ammonia-lyase activity in
wheat seedlings during storage and in vitro digestion. J. Agric. Food Chem. 2008, 56, 11407–11412. [CrossRef]
[PubMed]
26. Vuong, Q.V.; Hirun, S.; Roach, P.D.; Bowyer, M.C.; Phillips, P.A.; Scarlett, C.J. Effect of extraction conditions
on total phenolic compounds and antioxidant activities of carica papaya leaf aqueous extracts. J. Herb. Med.
2013, 3, 104–111. [CrossRef]
27. Zhishen, J.; Mengcheng, T.; Jianming, W. The determination of flavonoid contents in mulberry and their
scavenging effects on superoxide radicals. Food Chem. 1999, 64, 555–559. [CrossRef]
28. Li, Y.; Guo, C.; Yang, J.; Wei, J.; Xu, J.; Cheng, S. Evaluation of antioxidant properties of pomegranate peel
extract in comparison with pomegranate pulp extract. Food Chem. 2006, 96, 254–260. [CrossRef]
29. Vuong, Q.V.; Hirun, S.; Chuen, T.L.K.; Goldsmith, C.D.; Bowyer, M.C.; Chalmers, A.C.; Phillips, P.A.;
Scarlett, C.J. Physicochemical composition, antioxidant and anti-proliferative capacity of a lilly pilly
(Syzygium Paniculatum) extract. J. Herb. Med. 2014, 4, 134–140. [CrossRef]
30. Thaipong, K.; Boonprakob, U.; Crosby, K.; Cisneros-Zevallos, L.; Hawkins Byrne, D. Comparison of abts,
dpph, frap, and orac assays for estimating antioxidant activity from guava fruit extracts. J. Food Comp. Anal.
2006, 19, 669–675. [CrossRef]
31. Apak, R.; Güçlü, K.; Özyürek, M.; Karademir, S.E. Novel total antioxidant capacity index for dietary
polyphenols and vitamins C and E, using their cupric ion reducing capability in the presence of neocuproine:
Cuprac method. J. Agric. Food Chem. 2004, 52, 7970–7981. [CrossRef] [PubMed]
32. González-Aguilar, G.A.; Villegas-Ochoa, M.A.; Martínez-Téllez, M.A.; Gardea, A.A.; Ayala-Zavala, J.F.
Improving antioxidant capacity of fresh-cut mangoes treated with UV-C. J. Food Sci. 2007, 72, S197–S202.
[CrossRef] [PubMed]
33. Stevens, C.; Khan, V.A.; Lu, J.Y.; Wilson, C.L.; Pusey, P.L.; Kabwe, M.K.; Igwegbe, E.C.K.; Chalutz, E.; Droby, S.
The germicidal and hormetic effects of UV-C light on reducing brown rot disease and yeast microflora of
peaches. Crop Prot. 1998, 17, 75–84. [CrossRef]
34. Treutter, D. Significance of flavonoids in plant resistance: A review. Environ. Chem. Lett. 2006, 4, 147–157.
[CrossRef]
35. Solovchenko, A.E.; Merzlyak, M.N. Screening of visible and uv radiation as a photoprotective mechanism in
plants. Russ. J. Plant Physiol. 2008, 55, 719–737. [CrossRef]
36. Hellström, J.K.; Törrönen, A.R.; Mattila, P.H. Proanthocyanidins in common food products of plant origin.
J. Agric. Food Chem. 2009, 57, 7899–7906. [CrossRef] [PubMed]
37. Khanal, R.C.; Howard, L.R.; Prior, R.L. Effect of heating on the stability of grape and blueberry pomace
procyanidins and total anthocyanins. Food Res. Int. 2010, 43, 1464–1469. [CrossRef]
38. Cetin, E.S. Induction of secondary metabolite production by UV-C radiation in vitis vinifera l. Öküzgözü
callus cultures. Biol. Res. 2014, 47, 37. [CrossRef] [PubMed]
39. Cantos, E.; Espin, J.C.; Tomas-Barberan, F.A. Postharvest induction modeling method using UV irradiation
pulses for obtaining resveratrol-enriched table grapes: A new "functional" fruit? J. Agric. Food Chem. 2001,
49, 5052–5058. [CrossRef] [PubMed]
Foods 2016, 5, 55 10 of 10
40. George, D.S.; Razali, Z.; Santhirasegaram, V.; Somasundram, C. Effects of ultraviolet light (UV-C) and
heat treatment on the quality of fresh-cut chokanan mango and josephine pineapple. J. Food Sci. 2015, 80,
S426–S434. [CrossRef] [PubMed]
41. Lemoine, M.L.; Civello, P.M.; Martínez, G.A.; Chaves, A.R. Influence of postharvest UV-C treatment on
refrigerated storage of minimally processed broccoli (Brassica Oleracea var. Italica). J. Sci. Food Agric. 2007, 87,
1132–1139. [CrossRef]
42. Maharaj, R. Effects of abiotic stress (UV-C) induced activation of phytochemicals on the postharvest quality
of horticultural crops. In Phytochemicals—Isolation, Characterisation and Role in Human Health; Rao, A.V.,
Rao, L.G., Eds.; InTech: Rijeka, Croatia, 2015.
© 2016 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC-BY) license (http://creativecommons.org/licenses/by/4.0/).
